1.. INTRODUCTION {#s1}
================

Orbital pathologic conditions comprise a diverse group of pathology including neoplastic and nonneoplastic lesions. These lesions may cause cosmetic problems, severe ophthalmologic complications with vision loss or eye movement deficit. Eventually, some orbital malignancies can be life-threatening. It may be possible to diagnose the type of orbital tumor based on clinical and radiological findings in relation to the patient's age; however, others require biopsy for various reasons (diagnostic, cosmetic, or optic nerve compression).

Lesions of the extraocular orbit in children differ from those in adults. The younger the child, the more acute the onset is and the faster the progression of orbital involvement, and thus the higher the morbidity in these cases. The pathologic diagnosis and hence the management of rare tumors of the orbit can be challenging. A review of the literature discloses variability in the incidence of childhood orbital tumors; this is related to the nature of each reporting center (pathology centers, pediatric hospitals, etc.) and different geographic areas. Incidence also differs in series derived solely from biopsy material compared with those derived from clinical diagnosis without histopathological verification. Shields et al. \[[@B1]\] proposed a thorough classification of orbital tumors. A modified classification has been used by our group, which allows easier comparison of one published series with another. This classification is shown in [Table 1](#T1){ref-type="table"}. The major reviews include a study from the Wills eye hospital over a 20-year period by Shields et al. \[[@B1]\], which included 250 biopsied tumors. The same group also published another review of 645 biopsies of space-occupying lesions of the orbit, showing the incidence of these lesions with a proposal of a classification \[[@B2]\]. Similarly, Kodsi et al. \[[@B3]\] published a review of 340 histopathologically proven orbital tumors in children. A larger study where analysis of 2480 space-occupying lesions of the orbit was carried out in Naples University by Bonavolontà et al. \[[@B4]\]. However, Bullock et al. \[[@B5]\] reviewed orbital tumors diagnosed clinically and/or histopathologically over a 12-year period.

###### 

Modified shields classification of orbital lesions

  -----------------------------------------------------------
  Cystic
    Dermoid cyst
    Mucocele
    Epithelial cyst
    Microphthalmos with cyst
    Lacrimal gland cyst
    Hematic cyst
  Inflammatory simulating tumor
    Inflammatory pseudotumor
    Myositis
    Sarcoid nodule
  Adipose containing
    Dermolipoma
    Liposarcoma
  Vasculogenic
    Capillary hemangioma
    Cavernous hemangioma
    Orbital varix
    Lymphangioma
    Arteriovenous malformation
  Rhabdomyosarcoma
  Secondary/metastatic
    Neuroblastoma
    Retinoblastoma with orbital extension
  Lacrimal gland/fossa
    Dacryoadenitis
    Ectopic lacrimal gland
    Epithelial tumors[^a^](#TFN1){ref-type="table-fn"}
    Dacryops[^a^](#TFN1){ref-type="table-fn"}
  Lymphoid tumor/leukemia
    Acute lymphatic leukemia
    Burkitt's lymphoma
    Granulocytic (myeloid) sarcoma
  Optic nerve/meningeal
    Optic nerve glioma
    Orbital meningioma
  Peripheral nerve tumor
    Neurofibroma
  Osseous, fibro-osseous, cartilaginous
    Osteoma
    Fibrous histiocytoma
    Fibro sarcoma
    Fibrous dysplasia
    Proliferative nodular fasciitis
    Solitary fibrous tumor[^b^](#TFN2){ref-type="table-fn"}
  Histiocytic
    Infantile xanthogranuloma
    Histiocytosis x
  Melanocytic
  Miscellaneous
    Pilomatrixoma
    Malignant small cell tumor
  -----------------------------------------------------------

Proposed by the current authors;

Classified earlier as hemangiopericytoma (vasculogenic).

The prevalence of orbital malignancies in pediatric and adolescents ranges from 8% to 18% \[[@B1]--[@B3],[@B6]\]. Several reports have shown the variability in the prevalence of orbital neoplastic lesions in these age groups in relation to the geographic area. For example, primary malignant tumors of the orbit such as rhabdomyosarcoma account for the majority of orbital malignancies in the United States and Western European studies \[[@B1]--[@B3],[@B6]\]. However, in India, secondary tumors were the most common cause of pediatric orbital malignancies as described by Bakhshi et al. \[[@B7]\]. In Africa Burkitt's lymphoma was the most common neoplastic cause of childhood proptosis \[[@B8]\].

In Saudi Arabia, Johnson et al. \[[@B9]\] reviewed the pediatric orbital tumors in a tertiary eye center and reported that orbital extension of retinoblastoma was the most common lesion followed by vascular lesions, whereas cystic lesions were the third most common. Similar findings were reported by Günalp and Gündüz \[[@B10]\] in Turkey. In this study, we included patients aged ≤18 years who underwent a biopsy for an orbital mass over a 14-year period in the same center ∼20 years later. We were aiming to report any change or a new trend in the current prevalence of various childhood orbital tumors in comparison with that in a previous study of a similar population in Saudi Arabia.

2.. MATERIALS AND METHODS {#s2}
=========================

All patients aged ≤18 years or younger who underwent orbital biopsy at King Khaled Eye Specialist Hospital (KKESH) from January 2000 to December 2013 were included. The pathology files listed with the final recorded histopathological diagnosis, which was carried out at KKESH, were reviewed. A single pathologist at the Pathology Department of KKESH reviewed all histopathological slides for confirmation of the final tissue diagnosis. A specially designed data collection sheet ([Appendix 1](#APP1){ref-type="app"}) was used and completed during detailed reviews of the medical records including the demographic information (age, sex, nationality, and city), initial clinical presentation (date of initial presentation, affected side, symptoms, duration of symptoms), medical and surgical history, family history, clinical examination findings, and provisional clinical diagnosis. Lesions confined to the eyelid, conjunctiva, and intraocular lesions were excluded. However, lesions originating from the orbit and extending to involve the eyelid or conjunctiva were included in the study. We also included intraocular lesions with orbital involvement and metastatic lesions to the orbit.

Using a modification of a classification of orbital tumors published earlier by the Shields' study \[[@B1]\], the diagnosis was categorized under one of the major groups of lesions (cystic, vasculogenic, rhabdomyosarcoma, lymphoproliferative, histiocytic, fibrocytic, osseous/fibro-osseous/cartilaginous, peripheral nerve tumors, optic nerve tumors, infantile/embryonic, secondary, and metastatic). Each major category was given a numeric code with a letter code for the subcategories. The code was used to allow ease of matching the final histopathological diagnosis with the provisional clinical diagnosis.

Descriptive analysis of the data was performed and percentages and 95% CI reported. Chi-square analysis for the percentage distribution of the 107 classified lesions type in our report versus other comparable large series reported elsewhere and one-way analysis of variance (ANOVA) to test the significance of the duration of symptoms among patients referred from different provinces were conducted.

The study was approved by the Human Ethics Committee/Institutional Review Board (HEC/IRB) committee at KKESH with the Research Proposal \#RP 1520-R. The research project was granted expedited approval as a retrospective type of study dated February 24, 2015. A general informed consent was obtained by the patients' guardian as part of the common practice at our institution.

3.. RESULTS {#s3}
===========

There were 107 biopsied lesions from 106 patients (with one patient showing bilateral histiocytic lesions) involving the orbit during the period encompassed by this study (13 years) for patients aged 18 years or younger. The orbital pathological lesions identified included: cystic, vascular, inflammatory, structural lesions, and 40 lesions---in various categories---which were considered true tumor proliferations, either benign or malignant.

Cystic lesions accounted for 47 cases (43.9%) \[95% CI (34.6--53.3)\], vasculogenic for 17 (15.8%) \[95% CI (9.3--24.3)\], rhabdomyosarcoma for 11 (10.2%) \[95% CI (4.7--15.9)\], and peripheral nerve tumors for seven (6.5%) \[95% CI (1.9--12.1)\]. The distribution of the type of all the tumors and lesions is as shown in [Table 2](#T2){ref-type="table"}.

###### 

Total number of pediatric orbital lesions by type

  **Tumor/lesion**                                 **No. (%) \[95% CI\] (*n* = 107)**
  ------------------------------------------------ ------------------------------------
  Cystic                                           47 (43.9) \[34.6--53.3\]
  Vasculogenic                                     17 (15.9) \[9.3--24.3\]
  Rhabdomyosarcoma                                 11 (10.3) \[4.7--15.9\]
  Peripheral nerve tumors                          7 (6.5) \[1.9--12.1\]
  Lymphoid tumors and leukemia                     5 (4.7) \[0.9--9.3\]
  Histiocytic tumors                               4 (3.7) \[0.9--7.5\]
  Fibrocytic tumors                                4 (3.7) \[0.9--7.5\]
  Inflammatory lesions (orbital pseudo tumor)      3 (2.8 (\[0.0--6.5\]
  Osseous/fibro-osseous and cartilaginous tumors   3 (2.8 (\[0.0--6.5\]
  Metastatic tumors                                2 (1.9) \[0.0--4.7\]
  Infantile/embryonal                              2 (1.9) \[0.0--4.7\]
  Meningeal and optic nerve tumors                 1 (0.9) \[0.0--2.8\]
  Epithelioid sarcoma                              1 (0.9) \[0.0--2.8\]

CI, confidence interval.

The pediatric orbital lesions, which were considered as true tumor proliferations accounted for 37% \[95% CI (28.0--45.8)\]---only of all biopsied lesions. More than half of the lesions were benign cysts (being the most common), vasculogenic, and inflammatory in 63% \[95% CI (53.3--72.0)\] of all the cases, this difference was statistically significant (*p* \< 0.001).

The cystic lesions were mostly dermoid cysts in 29/47 followed by developmental cysts associated with microphthalmos in 12/47, then by other less-common types of cysts such as pilar and hematic cysts. The vasculogenic group was mostly lymphangiomas with a single case of capillary hemangioma.

Because the focus of our study is true neoplasm (40/107), which accounted for 37% \[95% CI (28.0--45.8)\] only of all biopsied orbital lesions, the general demographics for these 40 cases were analyzed.

The demographic information regarding age and sex of the total 40 patients is represented in [Table 3](#T3){ref-type="table"}, which shows male predominance (male:female ratio 5.4:4).

###### 

Demographic information of 40 cases with the tissue diagnosis of a true neoplastic orbital lesion

  **Category**                      **No. of patients**
  --------------------------------- ---------------------
  Females                           17
  Males                             23
  Mean age of female patients (y)   4.6
  Mean age of male patients (y)     8
  Total                             40

Of these 40 patients, 38 were Saudis and two were non-Saudis (one case was referred from Kuwait and the other from Yemen). The geographic distribution of the 38 Saudi patients according to the Kingdom of Saudi Arabia provinces was as follows: 13 cases from the central province, 16 from the western province, five from the southern province and four from the eastern province, as shown in [Figure 1](#F1){ref-type="fig"}. A difference in mean duration of symptoms was observed in relation to the place of origin (province). Patients from the central region had a mean duration of symptoms of 2.5 months, from each of the western and eastern regions had 8 months, whereas the mean duration of symptoms for patients coming from the southern region was 32 months. Statistical testing was carried out by performing ANOVA test for the analysis of these results and it was found that there existed a statistically significant difference in these durations (*p* \< 0.001).

![The geographic distribution of the 38 Saudi pediatric patients who were diagnosed with true orbital neoplasm](JEGH-9-1-3-g001){#F1}

The prevalence of the orbital neoplasm in order of the frequency is presented in [Figure 2](#F2){ref-type="fig"}, which was further analyzed in relation to sex and age as summarized in [Table 4](#T4){ref-type="table"}. All cases were unilateral except one patient with histiocytic tumor, who presented with bilateral orbital involvement.

![The 40 neoplastic orbital lesions presented in order of frequency according to their final tissue diagnosis](JEGH-9-1-3-g002){#F2}

###### 

Breakdown of the distribution and demographic information of 40 neoplastic orbital lesions per diagnosis

  **Category**                   **No. of cases**   **Percentage (%) (95% CI)**   **Sex (M/F)**   **Age at presentation (y)**
  ------------------------------ ------------------ ----------------------------- --------------- -----------------------------
  Rhabdomyosarcoma               11                 27.5 (14.0--42.1)             7/4             Mean 6
  Peripheral nerve tumors        7                  17.5 (5.1--27.8)              3/4             Mean 4.1
  Lymphoid tumors and leukemia   5                  12.5 (2.7--24.4)              3/2             Mean 6.6
  Histiocytic lesions            4                  10 (2.3--19.5)                4/0             Mean 5
  Juvenile fibromatosis          3                  7.5 (2.3--19.6)               1/2             Mean 4.5
  Metastatic tumors              2                  5 (0.0--12.9)                 1/1             17 and 2
  Infantile and embryonal        2                  5 (0.0--11.9)                 0/2             0.4 and 0.9
  Cartilaginous tumors           2                  5 (0.0--12.8)                 1/1             18 and 2
  Osseous fibro-osseous          1                  2.5 (0.0--8.8)                1/0             15
  Optic nerve meningioma         1                  2.5 (0.0--8.5)                1/0             13
  Solitary fibrous tumor         1                  2.5 (0.0--8.8)                0/1             9
  Epithelioid sarcoma            1                  2.5 (0.0--8.6)                1/0             0.2
  Total                          40                 100.0                                         

CI, confidence interval; F, female; M, male.

Clinically, the most common presenting complaints in the neoplastic group were proptosis/eye displacement (25 cases) and periocular/eyelid swelling (25 cases). Restricted ocular motility and diplopia were reported in two cases, reduced vision was reported in one case, whereas pain was not reported as a presenting complaint in any of the cases. [Table 5](#T5){ref-type="table"} shows the presenting complaint for each major category (based on the final histopathological diagnosis). The provisional clinical diagnosis accurately matched the final histopathological diagnoses of neoplastic lesions in only 32.5% of the total 40 lesions.

###### 

Frequency of the clinical symptoms among the 40 neoplastic lesions showing that proptosis and/or the presence of swelling are the most common complaints encountered

  **Category/no. of patients with presenting complaint**   **No. of cases**   **Reduced vision**   **Proptosis/eye displacement**   **Diplopia**   **Restricted ocular motility**   **Eyelid/periocular swelling**
  -------------------------------------------------------- ------------------ -------------------- -------------------------------- -------------- -------------------------------- --------------------------------
  Rhabdomyosarcoma                                         11                 0                    6                                1              1                                7
  Peripheral nerve tumors                                  7                  0                    5                                0              0                                6
  Lymphoid tumors and leukemia                             5                  0                    2                                0              0                                5
  Histiocytic                                              4                  0                    1                                0              0                                3
  Juvenile fibromatosis                                    3                  1                    2                                0              1                                2
  Metastatic tumors                                        2                  0                    2                                1              0                                0
  Infantile and embryonal                                  2                  0                    2                                0              0                                0
  Cartilaginous tumors                                     2                  0                    2                                0              0                                1
  Osseous fibro-osseous                                    1                  0                    0                                0              0                                1
  Optic nerve meningioma                                   1                  0                    1                                0              0                                0
  Solitary fibrous tumor                                   1                  0                    1                                0              0                                0
  Epithelioid sarcoma                                      1                  0                    1                                0              0                                0
  Total                                                    40                 1                    25                               2              2                                25

4.. DISCUSSION {#s4}
==============

Earlier reported series of space-occupying orbital lesions in children showed variable results; this could be related to different factors such as the nature and geographic location of the reporting center and source of the material reviewed \[[@B11]--[@B14]\].

Youssefi \[[@B15]\] in histopathological series reported that cystic lesions were the most common (50%), followed by vascular lesions (14.5%) in a total of 62 cases over a period of 10 years. Illif and Green \[[@B16]\] reported a series of 174 cases and found that cystic lesions were the most common (34.5%), followed by vascular lesions (15.5%).

Bullock et al. \[[@B5]\] reported a clinical series of 141 orbital tumors in children, among which cystic lesions also were the most common (41.8%), whether or not a biopsy was performed, followed by vasculogenic lesions (16.3%). They believed that the frequencies reported in this series were more representative compared with other reports \[[@B5]\]. Shields et al. \[[@B1]\] reviewed 250 consecutive biopsies of orbital masses in children. Cystic lesions were the most common in 41.8% of the total cases studied, with dermoid cysts being the most common among cystic lesions, and vasculogenic lesions being the second most common (16.3%), with capillary hemangioma being the most common among the vascular lesions \[[@B1]\]. Templeton \[[@B8]\] reported a series of 60 African cases of orbital tumors in children, wherein they found that Burkitt's lymphoma was the most common of orbital tumors (46.6%) followed by chloroma (Myeloid sarcoma) (13.3%). In our series, Burkitt's lymphoma and myeloid sarcoma were not as prevalent as in Africa because the lymphoid group including these two entities constituted only 12.5% of the neoplastic conditions.

Johnson et al. \[[@B9]\] reported 148 Saudi patients, regardless of whether a biopsy or excision was performed. Secondary neoplasm in a form of orbital retinoblastoma was the most common orbital lesion in 33% of the cases, followed by vascular lesions in 22.3% of the cases, and cystic lesions was the third most common in 18.2% of the cases. The reason why they encountered so many cases of retinoblastoma was not clear to them.

In this series, we encountered 107 cases of orbital masses in children aged ≤18 years in which an orbital excisional or incisional biopsy was performed. More than half of these lesions were nonneoplastic (cystic: being the most common, followed by vasculogenic, and inflammatory) in 63% cases. Forty cases (37%) were considered to be true neoplastic lesions.

If we compare our overall results with several similar reports wherein tissue diagnosis has been provided, cystic lesions were the most common tumors (43.9%) followed by vasculogenic lesions (15.8%), and hence our results are consistent with theirs \[[@B1],[@B17],[@B18]\]. Because our series involved biopsied orbital lesions, we felt that our results were comparable with those of the Shields' study \[[@B1]\] with the cystic lesions also being the most common orbital pathology in 43.9% of these children and the dermoid cyst being the most common cystic lesion. However, when comparing the second most common category (vasculogenic) in our series with the Shields' study, we analyzed that lymphangioma is by far the most common with a single case of capillary hemangioma. We believe that clinically, capillary hemangioma would still be the most common in our population, but these cases were managed based on their clinical diagnosis without being biopsied, whereas ophthalmologists tend to treat lymphangiomas by excisional biopsy. Our results also match those of Bullock et al. \[[@B5]\] even though their study was based on clinical case series.

Rhabdomyosarcoma is expected to be common when studying orbital neoplasm in children \[[@B17],[@B19],[@B20]\]. In our series, it was the third most common lesion involving the orbit (10.2%) and the most common primary orbital tumor in the neoplastic group (11/40) or 27.5%, and more commonly affecting the right side. This is similar to what has been reported by Iliff and Green \[[@B16]\], who too found rhabdomyosarcoma to be the third most common lesion (8.6%) \[[@B16]\]. Porterfield \[[@B19]\] reported 214 orbital tumors in children; and rhabdomyosarcoma was the most common orbital tumor (26.2%) with almost an identical result to ours.

However, if we compared the category of neoplastic lesions with an earlier study in our region by Johnson et al. \[[@B9]\] as well as with other studies, in which retinoblastoma was reported as the commonest orbital malignancy; our results were different \[[@B5],[@B9],[@B21]\]. Johnson et al. \[[@B9]\] concluded that secondary orbital retinoblastoma was the most common orbital lesion in 33% cases in a similar population to ours and in the same particular eye center but within a different era of health awareness and ophthalmic care. These differences in our results compared with Johnson's could be related to the nature and years during which the two studies have been conducted. The first study was carried out from 1983 to 1989, and all cases with orbital lesions were included regardless of whether an orbital biopsy was needed; they reported that many of the cases with secondary orbital retinoblastoma presented with massive proptosis and large fungating tumors in which surgical excision was the main method in managing such cases. They also related the high prevalence of orbital retinoblastoma to late presentation, which most probably has been attributed to low health awareness of the parents. Nowadays, there is better screening for newborns in hospitals, parents tend to seek medical care at earlier stages, and the treatment of retinoblastoma has evolved with use of adjunctive chemotherapy, early management, and less-advanced cases being encountered in our daily ophthalmic practice.

In regard to the geographical distribution, a notable difference in the mean duration of clinical symptoms was observed in relation to the place of origin (province). Patients from the central region had a mean duration of symptoms of 2.5 months, and patients from each of the western and eastern regions had a mean duration of 8 months, whereas the mean duration of symptoms for patients coming from the southern region was 32 months. These differences were statistically significant and could be explained by the nature of the tumors and may not be related to a delay in presentation. However, it is worth studying our health referral system in the kingdom to confirm the relevance of our current observation and its effect on the delay in management of such cases.

Clinically, the most common presenting complaints were eyelid or periocular swelling and proptosis. Family members who observe the abnormalities in the child usually report these findings. The age of the patients could explain why subjective complaints such as reduced vision and diplopia were not reported as frequently as other complaints that were observed by family members. Proptosis, although a relatively rare presenting complaint in childhood, is considered as the hallmark of orbital space-occupying lesions, which can be easily demonstrated by clinical examination \[[@B22]\]. Bakhshi et al. \[[@B7]\] reported a series of 104 cases of malignant childhood proptosis and found that 49.4% of patients with a malignant orbital mass had clinically documented proptosis, which was unilateral in 86.5% cases and bilateral in 13.5% cases. Similarly, Modi et al. \[[@B21]\] reported that proptosis was observed in 49.33% of orbital tumors in children including both benign and malignant lesions. In our study, proptosis was more frequently evident in 31/40 cases accounting for 77.5% of cases; wherein all patients had unilateral involvement except for the single case with bilateral orbital involvement. The higher number of proptosis encountered in our study can be explained by late presentation or delayed referral of patients through our health system, especially if they came from rural areas.

There are limitations to our study, it being retrospective in nature within a single institution, wherein we receive cases through a referral system, which is not properly identified or recognized. The clinical diagnosis was not accurately predictive of the proper final tissue diagnosis in most cases. The possible explanation for this is that our study may not represent the routine usual cases that would be encountered by a general ophthalmologist. Some of the simple orbital lesions such as the cystic ones might have been managed locally without referral to KKESH because it is a tertiary care hospital for eye diseases in Saudi Arabia, where more difficult and unusual cases are being referred for further management.

5.. CONCLUSION {#s5}
==============

Childhood orbital lesions that require surgical excision are more commonly benign, such as structural lesion or cysts (mostly dermoid cysts) and vascular lesions (mostly lymphangioma). These constituted approximately 60% of all histopathologically examined orbital lesions in this age group. Neoplastic orbital lesions are less-frequently encountered in 37% of all cases in our series.

Rhabdomyosarcoma was the most common primary orbital tumor in the neoplastic group accounting for 27.5% of all neoplasms similar to what has been reported, but the third most common lesion involving the orbit (10.2%) in total. Secondary retinoblastoma used to be the most common orbital lesion in approximately one third of the cases in our population, but this trend proved to be changed over the past 25 years in our current study, reflecting our advancing techniques in the management of retinoblastoma, thus matching other international eye centers. Also, in contrast to Africa, the lymphocytic/leukemic lesions were much less prevalent. Clinically, proptosis was more frequently evident when compared with other reports, in 77.5% of all cases, possibly due to relatively late presentation. This late presentation was significantly evident in the cases received from other provinces in the kingdom.

Finally, similar epidemiologic studies on the incidence of tumors in our adult population are recommended, as well as further clinical studies involving the management and outcome for the common orbital neoplastic conditions in different age groups.
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